
SECURITY CLASSIFICATION OF THIS PAGE
Forrm Aprooved

REPORT DOCUMENTATION PAGE I o.0704-o1"

Ia. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS -UNCLASSIFIED., • ''

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT

AD-A213 054 S. MONITORING ORGANIZATION REPORT NUMBER($)

6a NAME OF PERFORMING ORGANIZATIUN ob. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
DIVISION of CD&I, WRAIR (If applicable) Walter Reed Army Institute of Resaxr (Eq

Washington, DC 20307-5100 j SGRD-UWF-H Washington, DC 20307-5100 .. ;

6c. ADDRESS (City. State,. and ZIP Code) 7b. ADDRESS (City. State,. and ZIP Cod ) - . - T

Washington, DC 20307-5100 Washington, DC 20307-5100.,

Sc NAME OF FUNDING/SPONSORING leb. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT NUMBER
ORGANIZATION (If applicable) 4

Ft. Detrick, Frederick, MD I t

Sc- ADDRESS City, State and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
US Army e Rsc'h & Dev Command PROGRAM PROJECT TASK WORK UNIT
Ft. Detrick, Frederick, MD 21701-5012 ELEMENT NO. NO. NO. CCESSION NO.

11. TITLE (include Security Classification)
UNCLAS-Shigellaflexneri Invasion Plasmid Antigens B & C: Epitope Location and
Characterization With Monoclonal Antibodies.

12. PERSONAL AUTHOR(S)
Mills, J A; Buysse, J; and Oaks, E.

13a. TYPE OF REPORT 113b. TIME COVERED 14. DATE OF REPORT (Year. Month. Day) 1JS. PAGE COUNT

FROM TO

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP

19. ABSTRACT (Continue on reverse if necessary and identify by block number)
Invasion plasmid antigens B (IpaB) and C (IpaC) are associated with the ability of

shigellae to invade cultured mammalian cells. Monoclonal antibodies against IpaB and IpaC
polypeptides were produced and used in a whole-cell enzyme-linked immunosorbent assay to
show that both IpaB and IpaC polypeptides were exposed on the surface of virulent shigellae.
Moreover, these surface epitopes were shown to be highly conserved among different serotypes
of Shigella spp. and enteroinvasive Fscherichia coli. Cross-reactive epitopes were not foulld
on nLoninvasive Shigella strains or on other enteric bacteria including Salmonella, Yersinia,
Campylobacter, Vibrio, and Aeromonas spp. and various pathogenic strains of E. coli. The
monoclonal antibodies were used in competitive binding assays to define three unique epitopes
of the IpB pbJypeptide and four unique epitopes of the IpaC polypeptide. Epitope locations
and their corresponding DNA-encoding regions were defined by examining the IpaB and IpaC
products expressed by lambda gtlL recombinants and by constructing a genetic map of the
insert DNAs of these recombinants. Three IpaB epitopes (2F[, IH4, 4C8) were found to be

20 DISTRIBUTION IAVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION

UUNCLASSIFIED/UNLIMITEO 0 SAME AS RPT 0 OTIC USERS UNCLASSIFIED
22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) 22c OFFICE SYMBOL
Jonathan A Milss 202-576-1236 SGRD-UWF-H

00 Futi,. 1 ".73, JUN 86 Previous editions are obsolete SECURITY CLASSIFICATION OF THIS PAGE



I NFf( 110' N N s iM I NI I ) \k~ I\ 19s I. N"I '-"04 1 6 's o

0~019-9567 88 11 243 i5tq- i

Copsrighi l9148. Anmw:I cnso,,cl\ tof Nmuollolk'L:\

Sliigella flextieri Invasion Plasmid Antigens B and C: Epitope
Location and Characterization with Monoclonal Antibodies

JON AT'HAN -A. MILLS.' JERRY M. BUYSSE,' \Nl) EI)WIN V OAKS''

De)partmin t)Cii m1wterjfin immn iwf txan d Dcyoaoncitt,)f Ru /k 'ulil Di),ase
Walter Ree'd Art 't In ntin I ofl Rc.cure/i t1na/Iihi inol. P).C(. 2o.?o7

Recckiec 7 itatle t9sS.ACCjet) 9 .-\aigus 1985

Invasion plasmid antigens B (IpaB) and C (tIa(' are associated wiith the abiliti of shigellae it) invade
cultured mammalian cells. Mionoclonal antibodies against lpaB and tpa(' polypeptides "ecre produced and used
in a whole-cell enzyme-linked immunosorhent assay to show~ that both (pall and lpa(' polypeptides isere
exposed on the surface of virulent shigellae. Nioreoser, these surface epitopes wiere shovin to he highli
conserved among different serotypes of .Shigella spp. and enteroinsasive Escherichia coli. ('ross-reactisec
epitopes were not found on noninvasise Shigella strains or on other enteric bacteria including Salmonella.
1'ersinia, ('amp viobacier. Vibrio, and Aerornonas spp. and various pathogenic strains of E. coh. The nmonoclonal
antibodies were used in competitive binding assays to define three unique epitopes of the IpaB pol% peptide and
four unique epitopes of the IpaC polypeptide. Epitope locations and their corresponding I)NA-encoding regions
were defined by examining the IpaB and IpaC products expressed by ?Xgt I I recombinants and by constructing
a genetic map of the insert DNAs of these recombinants. Three IpaB epitopes (21A. 1 H4. 4C8) were foiund to
be encoded on three contiguous DNA regions comprising a 700-base-pair (bp) segment that corresponded to the
amino-terminal end of' the IpaB potyiepthid. Siniiliirl . ii 640-hp DNA SwgRILHt hat cu'iisptIudLd to "he
amino-terminal end of the lpaC polypeptide was found to encode three clustered IpaC epitopes (5111, 91%6.
5BI). Approximately 50 bp downstream from this region a fourth IpaC epitope-encoding region (2(2) was
found. The effect of the monoclonal antibodies on plaque formation by v irulent Shigellaflextieri on a monola% er
of cultured mammalian cells (a sensitive measure of insasiveness) was determined. Only the IpaB-specific
monoclonal antibody 2F1 was able to reduce the plaqlue-forming capacity by -'5017,. suggesting that this
epitope of the IpaB pohypeptide is involved in the invasion process.

Bacillary dysentery is caused by all members of the genus Polypeptides IpaA. Ipall. (pat'. and [paD, along %%ith at
Siuigclla (S. hovdn. S. (IN-senteriac . .flcxnceri. and S. sonhici) 14t)-kDa polx'peptid,: antigen, also function as, impoirtant
and also enteroinvasive Lschicchia coli (LIEC). To cause immUnorens in that they are the dominant proteinl antigens
dysentery . Ihige'c/I spp. and EIEC must be able to recog- inducing at serum immune response during infection in
nize, invade. and multiply within epithelial cells ot the colon human,, and monkeys (23). Although these fiv e pol\ peptides
(17). Both the bacteria and host cell play an acti\,e role in the art. onl minor component, of' thc- tota.! : ,rnplement oft
invasive process (6. 7). with the host cell actively engulfing bacterial proteins. immunoblots indicate that in man\ case,,
the bacteria which in turn escape from the phagosome by a the only detectohle serum antibody response is against these
bacteria-mediated digestion of the phagosomal membrane invasio'n plasmid antigens. v\ ith polypeptides (pall and IpaC
(29). Once in the c-ytoplasm, intracellular bacterial mujltipli- being particularly immunogenic (23). The significance of thc
cation and, subsequently, host cell necrosis occur. Although serum antibody r'esponse ito the ]pat polypeptides is not clear
chromosomal genes are necessary for the production of ait this time. but it could be at determnining factor in the
many components (e.g.. i popol ysace ha ride. Shiga toxin. limitation of' shigellae to the gut, with onl\ rare sx stemic
Sereny reaction) of the virulent phenotype treviewecd by h pspread. [he presence of' antibody against the papolypep-
D. 1. Kopecko. M. Venkatesan. and J. NI. Buysse. in M. tie-ntegt a o endetermined directly. but
Farthing and G. Keusch. ed. . Enteric infetction)1: McI('1111- ctursined guni bioas nobtainefrmiedmoks
isir.; Mfinifi~statioivsi. and Aianaix'iiict. ,in press)t. the havetben shlon tioproduce otimnofobineA ( igAtne-s
invasive phe notype is encoded by at large. 120)- to 140- haboes ainsto paland Ipat' polyp tis (Ig (.ti
megadalton (MDaJ. nonconjugative plasmid (10. 16. 27. 28. Thdes egist geneti and serC olgpidta strnl suges

The nvaionplamid ontinshigly on~r edgens wich thatt polypeptides Ipail and IpaC arc closely associated wkith
are present in all virulent ShfttcIa spp. and EZEC (2h). the invasive phenotype. Understanding the .biological roles)
Among the conserved genes 'are four ipa genes encoding the oftepapyetie ilreuesecicrbstoon

IpaA4 prvoul temdplppieai8ka.ia : tor functional and biochemical properties, of these polypep-
kDa). IpaC (c: 43 kDa). and IpaD tdE 39 k~al polypeptides tds hssuydsrbstepouto n hrceia
(4. 8. 20. 36). TIhe four genes are located on at 7.t)-kilobase tions ofi specifi monocriona, atibpoduie an MXstazantetreea

(kb)DNAsegmnt f te .5. fcxnci srotpe Sstrin pitopes of the ipof3 and four epitopes of the ipa( gene
N19tT-W invasion plasmid (1). In tturn. the ipa genes com- products. These antibody molecules skcrc used ito map the
prise a portion of at 37-kb fragment which, wkhen cloned into corresponding DNA-enco'ding region of each Ipalfl and [paC
a cosmid vector, restores HeLa cell invasiveness to at cioead"r loue t resteefc fatbd
Shigelfa strain lacking the invasion plasmid t2t0t. opitope and wee alsctof S to assess th ffc ntbd

(This \Aork wkas done in part by J.1AM. in partial fulfill-
*Corresponding author, men) of the requirements, for the Master of Science degree at

Sl~tI 0-4 jW&2911
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lA LI [~I Ii e Cc SpeccdicaI\ of, NI.\bs agilisi 'IiIIl.1 Il)it\ )! IF An. ,itt:CrI 1100 [A g of-IIW I pot i PC ouse %N it hou
In i~ifl n PIis ItII I-C 1COkiCk ilt lpkiIIIIi(i POI\ 1PetIl -1ii A i it nt s\s s sed in Cach booster uteettcloni 1he piotein

S contcenra~ttion i1'te Pa-lI [l antigen \%ias measured b\ the
Srci~ 'cI~~t. )1)1 S~ 1 .' cjk, 13wt BoRid protein ;issa\ (2). usin1eL bo)1inC scruitn album,11in iiN

N. th tncii lb \125.8 VAIR .Production. screening. andiselectionl of h~hridonias. Three
lh M->i-S 'UAftR da\s after the final imifnikii/ation. spleen 'cells fronm immu-
"I 24i,' I Wk R.\IK -ic 3A I ieac fused ait h h\ povsint hine-guanine

.t11-B \\ RAt R phOSPlmtoI trnseac-ctte 3 Ag8. .~ m\ clonia
2781-71 CDC cells (13) asl dIcscribcd prC 1sk (~tl 14. IS). 1:0si011s 5s crc

-lb NI'3 RA I R . performed at at ratio of' 10 splc''n cells it) I m~ elona cell in
4, 862>1 C(I)W thei prcscncc ofI'pol\ c h \ lcnec gl col I(8 WO U. . Baker Chem-
i M 90 1 I-V k \ RAt R ical Co., Phillipsburg. N.J.). 11 vbridomas, whose culture
5 M901 I -.A\ WK.\I R supernatants tested positis e in the enni nme-linked immuno-

CCI Ri4 M.(AI R sorbent iissa\ tELI .1.5 against the P1IE antiigen were also
I/Il )(I1II)6 (FL hil ~A~tRtested in an immuitnob-lot assa\ against "

1.hole-cell sodium

Ait tI l 1 j\'.\7()* WR.IR dodfcc\ I suilfate (51)51 k sates, oI ) Ih' 1.tn,ter srot Npe 5 si rain
CG (1314 AM \1190Fl-W \i srlent I and strain %,190*1-A, lasiruilent). The

2 ('61200(1 jilt h\ bridomas prOdulcing viruleneeC-specifi1c antibodies (ie..
I I105 8 1 t11lt reaetk\e only k ith M9(fl-W I were cloned ta ce b', limiting

4 ((;t 1768 Jilt diluition. Asecites, fli e rc prepared in pristane-pi med
9 H77 821 Jilt' -BALI13 c mice b intraperitoneal injecction of' 10" cloned

A. /ll 'vi 4 C6( 1t156 1 H U h bhrid cells per mouse. [he inimunoglohulin subl iss of'
4 ST22 7~ Jl -CeH ach MAb wait, determined bw Otichterlon\v analy sis Using

*\ ,Il -ormi 11 i(i WRIR . hybr11idomla cuIlture supernatants and rabbit antisera specific

j k ) 7 1. Jil for the 1gM., Ig(o1. IgG2a. Ig(12b. lgGi3 . and 1gA S subclasses

l'All, jilt - of' mouse', immnUnoglobulins (.%Miles, Laboratories. Elkhart.
El -1 11) 124 \4-61 WRA IR Ind.)

01t361 t16731 WIA I R -EIISA. The FIISA usedL ito screen hvbridoma culfture
113 4608-58 WR AI R . suIpcrnatants consisted of'96- cll poksst\ rene plates (Costar

0)143 461)8-4;8. WRA IR 3590: Costar. Cambridge. Ma:ss.) coated %ith PIFE antigen
0)144 1624-S6 "WRAIR H1 I.g Per %%ell) diluted1CL inl 10 mMI phosphate-bufered saline

\K R. wAtCr RCCdI .Xim1 Institute tiI Rcsci h CD Colo I. I PS) I pf1 7.41. Yhe Pl EY antigen a as allowed to attach
D iseasec ( \,tti ol. Pilt'. thtc t,,it n- Ilin I r l itl School of Mcdcmi overnight at 4 C : inbou nd P1 El antigecn w.as decanted . A

Sliin i nd icotcd a iruc i i -en i imm hou nmgo icd d~c . im ie I1I cl t -' filler consist ing of' 2' case in and OT. ' sod itt m at ide in 10
'el1s. itid IC 9 cd Sect~t lhi i o iC .1 ak[iiI~iI sid)I ii( I didtlt ii01 I ~ iinliiM Tri s-butite red sali ne solution (p H 7.41 %ika a incubated in
dIc. did niot ti) dc Mct.., cells. amd ic'cdj scicn tm ii

Rcaiq ft t I III dinia ion,) 1) ct 2 I)) ed ,i %hi ik. -l I* LI SA. lijoe,-l thie a elI s for- 30 fniin at 25 C and then decanted. H v ridoma
cells tcic aitached tol PlA1 111 d iltlIUb,1tC fl tI t~.Ihe %I \11N \kCl': culture supet natants acre added ito the antigen-coated ssells
deiecied m itih alkaline PIII'hti-IP~Ci~ Coilz aii-ti~iligi-. . \ pom

1
. and incubated for 2 h atl 37 C. followecd b\ three rinses with

tisC test hid i.1 A~ ,,, -0i 10 xm ithi)) (,0) tin I the hociil iiain , PBS contIain ing 0. 05'(' Tv cee n -211. Alkalinie p hos phat ase -
cit ho ivi ld kiIt h all 0 tie MAI, I i I nonetif if ti c kf,\I co njutgated goat anti -nmotse Ig g(IK irkegaatrd and Pe rrv L ab-

orallorie - .G(ithers bttrg. Mld . . diluited 1:5001 in ca sci n filler.

The Catholic LlniversitN of' Amecrica. Washingtoni. D.. a as' added for I h at 25 C. folloa\ ed b\ tao k more rinses w ith
1988.) P3S-(l.0' 1  I ;a\ een-20. - N itreph-en nlphosph~oc 11 mig/rml in

diethanolamine buler. PH1 9.81 V. as' added, and after 60 min

MATEIALSAND ETHOS at 25 C the An,, "it determined on a Microelisa Auto-
M.ATEI.~L ANI NWTOI)SReader 1l)'~natech Laboratories. Inc. .Alevandria. Va..

Bacterial strains and growth conditions. The Shie-//u and [he reactis it\ of the SlAbs a ith S/igcllu spp. EFEC. ind
EIEC strains usedI in this study are listed in Table 1. other enterics a as determIineCd b\ at ahole-cell 1: ' ISA.

Baceralcutues ee ouinlygrowAn in Penassa br-oth or OVernight badcrial cltureI-s Collected Lv c entrifugation and
on Mueller-Hinton agar (LDifco L.aboratories, D~etroit. Mich.)I suspended In PB1S %ketc added to 96-a ecl plates (l0o" cells per
atl 37C. hi~'i/ofl and IEC strains that bound Conjo red d\ e %%ll) and allotsed to attach for I h atl 25 C: unattached cells
(21 t. invaded HcLa cells 16), and elicited ker-atoeonjuncti- a ere decantedI After blocking \%ith cascin filler, hvbridomia
vitis in gthinea pigs (30)) were considered viruilent. ascites fluids (1: 300t in casein fIller) wecre incubated wNith

Immunization of mice. A preparative isocectric focusing bacterial cell-COaIld plates for 2 h ill 37TC, fiollow-ed by
(P1 El) procedure described previously (8) a sused ito a ashing and developmient as" described above. Filers for
partially purity the IpaB and IpaC pofvpeptides Frotm S. each M.-b aecre also determined in the \iihole-cell ELISA
flexntcri serot ypc 5 strain M90l-w. IE F fractions contain- against both S.' f/ciii-ow M90[-W and M90T-A, T.he cutoff
ing IpaB and IpaC polypeptides. as, determined hw immunmo- point for a posits C test 55 kas anll , oft -0.30 at 00 miii.
blotting against convalescent nifonkex antisera. wet-c pooled Inimunohlolting procedure. Shtign-U polypeptides of'
together and used to immunize femnale BALB/c mice (3 to 5 a hole-cell 51)5 lysats (8) a crc separated on gels consisting
months old: Jackson Laboratory. Bar Harbor. Maine). '[hle of, 13 or 18' aervilamide cross-linked .\ it h X.X -diallytartar-
mice were iniially imrnuni/ed subcutaneously with 100 jig of' diamide in at dis-continuious S1)S-polvacrylarnide gel electro-
PIE antigen mix~ed with an equal volumne of' complete phoresis systern using Laemi btttlers (18) and electroeluft-
Freund adjuvant. Two booster immni/iations were given atl ed onto nitrocelltlose IBio-Rad L.aboratories, Richmond.
4-weeki intervals (intraperitoncally followed hK intrave- Calif.) ats previously described 13. 23?. After the nitrocef It-
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lose wats blocked A~ ith casein filler- for 30 nuin il25 C. ininiccls piolicd %%fil aih scecening J11ntlsera and the
nitrocellulose strips correCsponlding to tile litnes of thle sepad- mNI1bs. p11 D' NA .\ a s isolled aIs described prc ilIsl\
rated polypeptides \ tcr incubated 0% Crieht atl 4 C Ill one Of ]91 aind indik idual samples of pit() DL1 N A 3 .' pg ci "c
the following primar\ anltibod\ solutions: ( i Undiluted h\ - digCSted to complet ion k i ih one oif NixS irel o jilt r/ rles
bridoma culture supernatants: fii hvbhridomai iiscites fluids .1 nl ~l /liitl /o n oI.[edgse
diluted 1:1.W00 in caseiri filler-: or (ijii convaflescent mionkc\ p1U DLV N A \kias used to pre~pare aldapitor-mot dified Insert
antiserum diluted 1: 300 in cascin tillet-. Next. the ,trips \%cre D NA 1.\ t~he procedure of Sto' cr li a prio r to cloning.
washed., as previously described (23). aind incubahited atl 25 C R combinant phatge DN~sA %%itas patckaged into phiage heads
with alkaline phosphatase-con ' ugated ~oat t i1-mou0Lse I g( using an in \ tin packagingc N\ stcmi (Promlega Biotech. Mald-
or alkaline phosphatase-conijugated staph~ lococcal protein 1'son. Wi',.) and '..Crc plated onI k.. Ill N 1090) Cells 1 Atli(t 169
A I Kirklegaard and Perry Laboratories) diluted 1: '500 inl pro A ,Al i ar(ONi)19' 1. \fu~il/ u .11/0 I i/? 1m, o~

casein filler. After I h of incubation, the ,trlips \kecrc 'a ashed Ili V") (37) for screening. Recombinant phiage produced
and exposed to the phosphafase substrate I2 Ing ofl fist redl colorless plaques, onl acar containing 5-btrmo-4-chloro- l-
TR salt and I nig of naphthol AS- MX phosphate I Sigmal indol --- alco' ranoskie.
Chemical Co.. St. Louis. tNb. I per nil in 50) mM Iris. pf1 8.0)) Screening and antigenic anal~sis (if Xgt 11 lIlt17 and Xgt I ISIl
for 30 min. A red precipitate formed on thc strips, in areas expression libraries. Recombinlant phage fromt thle \gtlltSl1
containing alkaline phosphatase acti% itl, (3 1). libI'rr . co1"ntrueCL tdpres iousl'. in ltis laboraitor. (4). and the

Because of inherent background antibodies agatinst mnyn Agil 1111(7 libratrx ee Ncreened fOr aintigen product ion in
ofthe S/iigella polvpeptides in vaiu nieaincluding, thle animntunoplaque: assa'. using raibbit aintisr peicl-%

conjugates (goat anti-mouse: unpublished obser,. ations ). at f/".isurn int.asionl plasmuid antigens, as, described b\ Yon
direct immunoblot assay. using iodinated MI', bs.xxs used to andi l is 0 381 and nmodified b\ [ill vsse etl l. 14. To idenuifs\

cnimthe specific-ities, of the IMAbs. A-mmoniunm sulfaite- those clones encoding thie s'.nihesis of (i ptiadl~(
precipitated MAbs were labeled with caririer-free Na "I epitopes. purified &gt11Sf] aind AgI -('17 recombhinants
lAmersham Corp.. Arlington Heights. 111.) by the chlora- ,\cre screened \0 titte Ipati- and IpaC-specific MAbs. One
mine-ir method (11). After the nitrocellulose strips contaill- microliter of each recombinant phage ( 101 PlJ' ill %%;as
ing virulent or avirulent shigella lySates, were blocked 'a th spotted onto a lam.n of Y 1090 cells. Ater 2 to 3' h at 42 C.
casein. they, were incubated with approximaljtelyr 10' cpml of 'flen thle plaques becamne isible - nitrocellufose filters) (Schlci-
I 

5"ll-icled MAb for 3 h atl 25 C. Other nit rocellulose strips cher & Schuell. Itic. . Keene, N.H. ll atted %k ith 10 m.1M
that had been incubated with convaleseent mnonkey an tise- isopropy f43-n)-tfiiogalactop rnos0ide (I IPl(;) \'acre pfaced on
rum were washed and probed with 10" cpm of l"lFlabcedCL the plates and incubatted atl 37 C for 90 mill. 'Ihe nitrocellu-
staphylococcal protein A (Amershani Corp.) for 3 h at 25 C. lose filftrs 'a crc then lifted front the plates aind blocked 'a ill
Finally the strips were washed, air dried, and exposed to casein filler-. [he dICx elopment oft the filltrs 'a ith the MAbs
X-ray film (Kodak Blue Brand:, Eastman Kodak Co.. Roch- tax sperlinmed als described hlelo'a.
ester. N.Y.). Recomibuiant lpaii3- and tpaiL-cspressing pflage mxcrc used

Determination of' unique epitopes by a competfiiie binding ito prepare 1\ sogenis in Y10)90) cells The rcconubinnint mntigell
assay. Wells of polyvinylchloride microtiter plates 1 Ivna- epilopes synthesi/ed b\ the lysigepns 'a crc detcteCd b\
tech Laboratories) were coated with whole bacterial cells (S. inluillohlot ifakNsis ats described prev ioIcxi \ (4). using t he
ffexi'ri M90T-W) and blocked with casein filler as described >1-labheled MlAbs as, probes.
in the ELISA protocol. The unlabeled blocking antibodies. Construction of a genetic map of the cloned XgI ItI ipali and
which had been ammonium sulfate precipitated and resolu- ipaC epitopes. Mhe mappitng of insert D)NA from AgtII Sf1
bilized in PBS. were added at various fivefold dilutionls to recombinants has previously been described by workers in
each well (50 I.J per well) and incubated ovecrnight atl 25 U. this laboratory (4. Phage I)N A fromt the xlgt I11 HC 17 recoin-
To the blcigM I of' the secondary b2-aee inants wxas obtliiined btie phenol extraction mecthod of
MAb (approximately 2 x 1W~ epmini was added and incubated Silbavy et all. (32) and the si/c and number of' insert
for another 4 h at 37'C 134), After the second incubation, the fragments in each recombinant phage 'a cre determined by
contents of the wells were removed by aspiration and the / iORI digestion and in il~sis on 1.0'e' agatrose gels. After
wells were washed four times w ith P135-1)1)5r %wcn-20. separation onl ideniticailly prepared agarose gel, recombinant
Individual wells were Counted in at gamma-counter (Chini- I)NA wvas analyzed by Sou ' lot h~bridization (33) using
gamma 1272. LKB3-Wallac. Finland)I. MAbs inhibiting the at number of pHC 17-dtic -!NA. probe, including (i)
binding of '2'1labeled MAb by greater than 70'; percent pI3R322. to identif\ h~hbid iiragments and fragmntns
inhibition 11( - (amount of labeled MIAb hound aniount of solely derived fronm pBR - .1 (if) the 1.4-kb /Iindl II1-
labeled NIAb bound without blocking)l IM \kc(l~wre consid- hi-oR 1. 2.5-kb E:( ('RI iioR I and 0.9-kb /-, oR I-1iindI II frag-
ered to recognize the same or adjacent epitopes. All the ments, derived from the ipai1 and ipaC encodinig legions of'
'2 1-labeled MAbs, were ailso tested against avirulent S. pHCI 7 (see Fig. 2). All oft the probes 'acre purified from
flexneri M90Tl-A,. which does not contain thle ipa genes. to !iindtI I-Eb oRI double-digested pHC 17 DNA by clectrolmi-
determine the amount of' nonspecific binding reClative to thle tion and wecre labeled w\ith In%- '2 tdC~TP by itick-translation
S. fle'Aneri M90T-W positive control. ( nick-translation kit: Newk Englanld Nuclear Corp.. Boston.

Construction of the XgtilI expression library from pIt('17 Maiss.). Insert 1)NA from the Agtl lHC17 recombinants xas
DNA. Insert DNA for the Xgtl11H(17 expression library wxas mapped more precisel\ using the pi itied insert fragments ats
derived fromt pil WI 7. af FBR122 recombinant containing at probes, aggiinst pHC 17 kind tnWR It)) I)N A digested wlith
4.75-kb Ilintdi I fragment of the wild-t ype. 5. thliA i n- various coibiniitiotts oft the restriction en/ynles Ifindl II
sion plasmid pWRI 100(M. Venkatesan. J. NI. bilysse . aind Pitt. L'CoRI. Sal. arid B.01l and b\ closs-hs b-ridi/atiori
D. i. Kopecko. Proc. Nall. Acad. Sci. USA. in press). bet ween th iindi'idual reomibinants.
Plasmid pHC117 encoded the synthesis of complete Ipall and Plaque reduction assay. The effects of the MAI), on the
IpaC polypeptides ats determined by iminunoblot analysNis of in% asive capaicity of' shigellac were determined ll the plaque
E. co/i HI- 01(pH( 17) cells and V& in/i P5410~(pH('17) rediict ion assiy. The plaque is~ a its, performedi as, previ-
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ously described (24) exce pt that baby hamister kidnes Cell, 1 2 3 4 56 7 9 9 10 If 12

(BHK 21/ 15) were used instead of' [eLa cells and thle MW 14 k
plaques were counted atl 48 h postinoculaitOn. I[he use Of
BI-K cells improved the assay h\ increasing h\ about 92 kW.p

100-fold the ability to detect invasive Nhiello spr. A 4-h) 69k -0- 4 p.A

culture of S. fl'xneri N1901-W, arosl nma 37 C, kkitas diluted 1: @4 p.
10,000 in sterile PBS and incubated with ammnoniun"I slfiteC-
precipitated MAb (final dilution 1:20) in sterile PBHS. [h'le 44 __A -00 I:
mixture was incubated at 37(C for 4S min and then applied 1 *1&

(0.2 ml to each dish) to the I3HK cell monolay~ers. 1:ise
plaque dishes wvere set up for each antibodi, tested . [hel
negative control anti~'ody was an NIAb iainsIt at rspano-
some antigen. The number of plaques formed b\ the MAb- [t16. 1. Recog~nition ofli hlpaliIIor lpit potspeptide h NI~hs.
treated shigellae wvas compared with thle negative control "' -kibelCd I %lbis anfd huntan cons alescent intiserurn) \crc reactcd
value. \ith S. /h xicit M901 A\ %Nhole-kcell' sates t hit hid been separated

h\ SI)S-pokl\lat lnIde Uel el:ctophotesi. and electrioblot ted to
n1trocellILONC. ([.,ine 1 '(-lbeled molcular \s eiht markers

RESU LTS (Ainc rshim ( orp.) I ane s 2 t h ottoh Sr Rea,:c \kal ItIi a heled.
IpAlt-specilic: NiAbs 1114. 21:1. 4C'S. and SI 4. (epcie\Line, 6

Production of MAbs against the 1paB and lpa( pulip(eP- thromiuh 11 Reacted kkith >1-liled~t. i('-pecific NiAbs 2Gi2.
tides. Two spleen cell-myclona cell fusions resulted in 283 41W4 5))W. )11 I1 - )2 and 9136. respect a el\ - (Lae 12) "A1-labeled
wells of proliferating hybridomla cells, 12 of s. hich contained protein A tkas usecd 1,) detect1 z:!ihodles in the hrmm-n cr'nk descent
cells producing antibodies against .iruilence-specific deter- ;rntrserirrn agalist I pa.\. Ipili II.iPAt , IpAD . il"d the 14(1-kt)i po)>-
minants. Immunoblot analysis of the Positive Culture suIper- peptide.
natants reveaied that five antibody-producing cultures ( I 1-14.
211 4C8, 5F4. and 6F4) svnthesized antibodies reactise1. \with the IpaB pol~-peptide. and seven CUlttrres (41)4. SM . recogni/ed \'ithin each grouip of' Ipa-specific N -bs,. , Abs
5B1, 9B6. 2G2. 362. and 5F2) produced antibodies thart recognizing the samei or closeR adjacent epitopes %\ e
recognized the IpaC polypeptide (Fig. 1: datat for 36i2 arid ietfe ~ter aayt qa),ihbtlsa es
6F4 not shown). 1lybridomas from these 12 "iells. produrcing 7 0'. the bindliri of each otheri l'able 3). I'hreC uirnque IpaiB
virulfence -specific antibodies, were cloned twice, and ascitc repitopes %\sere defined b\ Nt-Nb I [14, MI-b 21:1. arnd the MAb
fluids were prepared. The iMMUnoglobulin subclass offoost Ittof4i.S.an -. Siilrl.M-b5H..-bY.
of the MAbs was IgGI. with the exception of 262_. 362. an) the M.-b pair 4D4 and 5111. and the M.-b trio of 262. 36;2.
2171. which produced lgG2a nionfoclones. inst S2 dclincd fouir unique lpiiC epitopes (Table 31.

Specificity of MAbs for virulent S/,igella spp. and ElEC. Plaque redtuction assaN. The strong correlation of the
The titer for each MAt' was determined againist both N. presence of polypeptidles Ipali and IpaC wsith the insasise
Jh'xtreri M90T-W and M90T-A. b% a 'ivihole-cell :tLIS All citacits of sltigcilae. and also the reactiv.ity of the M.-bs
01' the MAbs had high titers against the virulent N. 1f/tnwr ,, irth intact '. rurlent orgarlisis in the 11.1A S- suggested that
M9OT-W, with little to no reactivity, against the avirulent N. polspeptides IpaBl anld Ipat( are located on the peripher. of'
flexnreri M90T-A, (Table 2). The coniplete set of MlAbs wkere tebceimadtt~b rsose nteitrcins t
also used to screen other virtulent and avirulent str-ainis of S, host cell riternibaries. B\s using t he plaque assay. ss hich is af

'osti. S. dv-serrcriaet. .S. [110tfl.. 1ff-.Cis E r .toefitC e ~masre of irisasion than light mnicroscp
the whole-cell ELISA. All of the Ni.-bs tested positive rrsisoiaasss eeltindshterhieacptete
against all virulent strains, and none oft the M,-Nbs reacted
with any of the avirulent strains (Table 1). To insure that [Ii Il[ titer'a t'Ai)- ;Ind1 tpira-speCific NiAhs
there was no difference between the avirtrlent and s irrrlent __________________________
strains in their ability to adhere to the ELISA plate. both N. tMer V, ~vir
ftextreri strains M90T-A, (avirulent) and N190T-W (s irulertt) \St0 Az tuts t'i
were screened in an ELISA against culture supernatants
from hybridoma lines (2A6 and 2C2l that produced aritibod- Ipall sPcific

ies which were not virulence specific. Inimunoblot anals sis 1114 I.281 2 0
with culture supernatants front 2A6 and 2C2 shoss ed that 21-1 2.%t,( 140

they recognized a 70-kDa and a 45-kDa prtlveptide. respec- 401 ;2(o 0(
tively. Both of these antigens "sere expressed by the aviru- 61432 10
lent and virulent strains otfe. /c'ri. For both 2A6 anrd 2C2 ird specific
culture supernatants. the A,,, valures in the ss hole-cell 4D)4 40.960 -211

ELISA did not differ between the avirulent arid s irtrlent 5))11 2(o.4801 "0
strains (data not shown). Other erteric pathogens (i.e.. ilit 211.481 10
enteropathogenic. entcrottoxigenie. and hemorrhagic strains 9136 5.1( 10
of E. co/i: l'ibrio c/,o/crcu. lin-jo prhon/tI-s..lui 2' 101.241)- 210

fre//a (28 species 1. (CeipyI-/bm lr ,-.-d/. Camp v/oaa-ij3(210,2401 21)
rus. Campy/ohacer je jumi. Yerxinieo enteWrn0/jol -au. )'ritlill 12(.0-2
pseutdotuberc-u/aisis. and Aeromona.% ht-dr-e, 1 iua) screened itt -- CI tiraeCI delkci tirirei III a \\hlate-,Ccli ISt ISA rsrnci bo'th iS 1, %,
the whole-cell ELISA did not react ssith any of the siro- M 90 1 -Wk I'r1iletti (Ii, IV 1,1, 1 1 WA'IIt ,I-]2l I a , iciteti s rtcits. ASsc is

fence-specific MAbs. - (laid-1 aich \t 1 V, %%rc -cilk dilkti , wolold itoing (lat I.'0 1111il001at
Alkine phiprlic-i lIi 0t, 1 all ., mmirt,',s gui % is isil to detect the

Epitope specificitiev of the MiAbs. -A comntpetitives- hind inrg fiiirit \1 %I, I r p i, i z i .en Ite 1- -- 1 ,~iiw tI thr tiil1 411I11 gt i e in inl
assay was used to identify the number of' uniqure epitripes .... .. 1-o 1 %i rhinllt 01i11
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1114 21 1 -11, 8 N 4 4W1. Nlfl Nifl 1(0. N(

IpaH specific
1114 2014' 1 .247 7.214 9 1 85 14.781 2 4.,8 4 2. 42 ', 2.
2F]I 4,884 141 ,.148 S)S ~ 1110 14 .0I ,2 2sq') 2741 -"0 4. '4
4C8 3.818 1.260 2 0' 42S 12 42 2>1 284 1.6l6 4.S(,
5F4 S.151 1.178 11; 4-8, 1.57 14.S69 2 >1 2. 6, 4'.4S- 4.211
61-4 5.055 1.1 232 421 ;.448 13r 2 71 ;),1~>4 4.~

lpa( specific
4D)4 4.682 1.221 S.698 5.001 29)2 9118 I69 N. 4. 190 I 2.84
5 H 1 4.892 1.3~67 6.127 5 .801 489 1.2911 7.214 1.40i~ M99 11. (I
581 4.791 1,345 6.770 8190 4.816 18.9911 1l .641 4. 0011 '.X8
9B6 4.873 1.347 6.8006 5.79 4. 305 17.1(,4 28. 164 8901 8.1( 4.S69
2(62 4.844 1,323 6101 8 14 .29 12.8601 -1;A)10 2.2)"1 289) 898

3G'2 .79 2 1.4(18 4.808 5.449 3.215 11I.497 2.6 2.0111 '8- 691
5 2 4.S47 1.339 i.6721 5.46S 3. 219 13.099 2.11 2. 09 1 12 1,14

Controls
[Ito "i h % 5.496 1.-257 6.84- ~ 14t, 4.29.3 1). 50 1 2.8 4,S 144 670(9 4. 2
Negati',c 40)3 253 441 226 X8 r, 466 1. 1 406 1111

A8. ftenot N19(1 V \Xa. Inclih,tied % ib blocking MI 8 ,d ~ i libld tht XIL CC I ' i. k ,,Ids. R I Ii dl %,~I LICi I h A:,i\i.C OIiTIl iIC 11M(WI mlci ilc li i I ft:il

"cIIli, d repic~cnls the aniui of "llhe NI.\b tho, %%.IN ill~ it) hin&~ '8igifiminl cici,ion. inll thbiidill! 0 '"1 I,clcdl \t Xl' .ic dIcdclh M i a ll ii

"I11C POiI(ItC 011111 0l \%;i. kink, nciiliid \Ilh) I t lHabecl MAI, (ix.. no MAI icliuig11ll .5.' iiic Siiii l 11 Fh T.1 i~iii~ lI \101 .1110 il1:1'.Ilcd ii 11h ,iuil
IIcd M1:5. CsCepl the ai rihi ra:inl \191 A t-. tii~cl ;I. th1  ai wci s,li.., or \1(11 A\

vi oh lpaH- or I paC-specific M Ab had an altered capacity to Three Iplil CpltOPCS VXXI eve bnd to Ile en1coded inl a
f'orm plaques- in tissue culture cell monolavers. ( nc ol' the 700-base-pawir I bp) D)NA. segment corresCpoilding! to I he aM11
I paB-specific MAbN (2F1 reduced the plaque-f'Orming ca- no0-termlinl end 01'11he Ip~ll I[\polPepidcI Wig. 21 (,,cce belol\.
paciti by more than ISO' ;. whereas one of' the I paU-specific T[he aipino-proxinzal 21:1 epitope constitutedL thlelaet
NfAbs (2(;2 enhanced the plaque-forming capacil\ My more region rmpped (320) lip). \6thi the IH14 (1-401 lip) ll 4( S 1410
than 50"; (Table 4). The other IpaB- and IpaU-specifie IAbs hp) epitopes comprising the remlaining 38 li p of' the ipul?
tested lw.hich all recogniled different epitopes based oin epitope regions,. [he aimino-distal ipIoU 4C8 epilope vi as
competitive binding assays) had less of' an eiliect onl thre separated f'romi a Cluster of' three ipa(" epitopes hi 940 bip.
plaque-brining capacity of, S. ffcxiouri. *Ihesec three ipo(1 epitOpes \%Cere mapped vi thin at 64(1-hp

Immunoplaque analysis of' Ag I I recombinants s"ith (he region corresponding ito the ammio-terminal enld ol' the l,o(*
MAbs. \gtlliHC'17 and Xgltl f recombinants reacltix ith~ gene (see belovi l.fourth ipa( region containing thle 2(6i2
the rabbit screening antisera were tested against the NIAb's epitope sequence (I15) l i as dhCloselx linked ( 7')) hp) to the1
recognizing the seven unique epitopes oftlhe I pa8 arid Ipa( Ipa( amn-rxm l lttr hitll %aN separahle froml these
polypeptides. Recombinants expressing only one (Xgil I
HC17-Sbl). two (xgt11HC17-H-r7). or all three xL-gtll-1C17-
Tl . Xgtl11Sfl-S43) of the epitopes recognized h\ the Ipa13- 1*5 IT 4. 11l-c tit IpaBl- and Ipa( ,seii I\i o
specific MAbs Were fouind (Fig. 2). Other recombinants plILque forimion
encoding the synthesis ol' only one (X\gtlIH-C17-Sc4f. three
I Xgt IlSfl1-S45). or all f'our I XgtllIC 17-1)c 1. xgt IlSf'l-W 121 MAI t \1'1lo Pi L 4I
of' the epitopes recogni/ed by, the IpaC-specitic MlAbs ktere C

identified (Fig. 2). In addition, a recombinant xin Ig I 51-S471 IpA i specilic
expressing epitopes reactive with all the MAbs ececpt one 1114 1 64 1 ii
IpaC epitope I 2(2) wsas louind. Recombinant phage such as ' 1-144 . 1 02
A\gtl I150-S17 that did not express epitopes recogni/ed by ams 21 24 4JI'
of the M Abs were also isolated, demonstrating that thle- - 98416

rabbit antisera detected I pa polvpeptide epitopes thait the 4(8 Il 810 6 ICA ~ 2
2 1 140 1) ,4

MAbs did not recogni/e. (oiiIIol 181 4 - 001( 0
G;enetic mapping of ipall and ipa(' epilopes. [he map -41 281(1I

positions of the rccombinaints' insert DNA. plus thle reactis. - tp(pcul

itics of' the recombinants w~ith the MAbs. alloiy ed a genetic il If,( 911

map of the ipali and ij'oC eitopes to be Const ructed. D)NA Sill '6 1014
hybridi/ation studies defined the positions of the AgtI I 1insert 9130, it Ii
f'ragment DN As relal ive to t(lie invasion plasmid pW RI))) 2G 2 124 1) ')
restriction map (4). Assuming that 6i) the NIAbs recogni/e (Control NO8( 4 9) 100,10

epitopes encoded by at small contiguous D)NA region. (ii) th I .oizc I')l ) iii,.i, ii i iill,Ic hlii lite iliqllc

every recombinant reactive with a particular M1Abi carries i1li11c

the same epitope encoding D)NA sequlence,. and it t ha ICh pci~cCFiI.IC CIi. c Ii,mI or I'Lic'li Iieile hl'i 11%,iip~l

recombinant s that do not react do not carrny the corre sponid- M 4-1 C.II cII i!Cl1IC 10i tlw 1111iel Ol pin1.~IktC 101 iMcd I,\ it p.I 10IlIic-
speclfic Nt \11 t ic *hIilcIItw~ .wc. the (I I Ill the loll I , ii mc dcii ,, INY ,

ing sequences, then the region of' DNA spceufvitig the 0i C . colnil t lie dcCIIIC\,sciicd hun, the Colil or ui(hit piioilii
epitope sequence can be defined (Wig. 2). CpImr
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tlBWINANT PROTUN SWJ.HES ZOO

PHC17 5.7 Oa. Ida 4§ kDr paC j

P

IgtT IHC r-r7 2? k~a. IPaB prdct L I Z I 5

P =3 H4

,glr ISfi S43 30 Oa. Ipa product 4C

~gtI !C liii 26 Oa ipaR p,cr-ci t- -- - ~ 2

f"R wortar- DNA

-li 6~ k oIpaB produict S Sq SqGgPP
,.gt! !Sti S4a7 I I I

24 'Da lpaC product-

S Sq Sq PP
SgrOtl S 8 LI-Il a paC rroduc I6d1,0 6

S Sq Sq PP
;.gril 7 c5l 0a. paC productI I

S g S agS PP
,gtI54W? I 30kDa iPaC product~ 60 ii61M

S SHg13
,ar?!SfC'7S12 32163. IpaC PrCrrcr r

* gl! r-I H7 SC 1>Da.IpaCroduct H

116L. 2. (jenetic map of* the (paH and ipaC epitopes. tb bridization anals sis defined the positions ol'the AgII I insert fragmient )N As relatis e
to the invasion plas md pW RI1(8 restriction ma p W. 11: 13g. lig! Il: E. Li, RI H. llnd I S Sallf. [he maxmat si ze of each
epitope-encoding region is ,hoskn belos ever\ insert f'ragment DN>A that encoded the epitope. The M1 b epitope-encoding regions %\ere
defined based on the following assumptions: (it the NiAbs recogni res epitopes encoded bh\mtcniuusLNAlgos i)a t rcmiit
reactive with an MIE carried the same epitope-encoding D)NA sequence: and (tit recombiniints not I eai rise ss ith arn Mt N do not carr thie
encoding Sequence. The [pat protein product,, N\nthesi,,ed l t\ he reconthlinants %%edent lied h% immunmoplaque anal ' sis, and their molecular
wkeights \Aere determined b% SD)S-pol\ acr\ lamide gel elect rophirresis naxsi s of lv-soen Is sates see Fig. ) [psi protinIprodUCts of' I 1f6 k)a
required I PIG for induction of es pres sion. The appro m imate locaions of the ipoi1 and iprif genes miud their direction of Ira iTscript ion I denoted
by arross s) are indicated above the p"WR 100 restriction map.

epitopes ats shown byisioaion in Xgt 11 recomnbimnn onl\ reacted with NIAb 2F1I (Fig. 3). 'his finding indicated
Such ats \gtllHI-C17-Sc4 (Fig. 2). that the 2FI epilope \% as nearest the amnino-terminal end of

Ipa polypeptide products synthesized bI AgttI I ' ysogens thle IpaiB antgenI [ig 2). Recombinants, COntfininu inset
and determination of transcription polarity '%for the ipal? and DNA that extended doss nstreamn of' the 2F1 epilope-en
ipaC genes. To determine the polarity of the epitopes 5\ ith coding region madeI prOPOriona0Ilk larger peptides si ith atd-
respect to the amnino-terminal end of' the lpai3 or lpaCi oilional epitope specificities. A,, an e~sample. the N'109))::
polypeptide. it was necessary to examine whole-cell lySates Xgt1 1HCI7--Hr7 Is sogen expreCssed at non-fusion, truncated
of Y 1091: :xgtl lipaB and Y 1090: :Xgtl11ipaC lysogens b\ 12] -Da) IpaB product that reacted w\ith NIAbs 2 FI and 11-4.
SDS-polvacrylamnide gel electrophoresis. Lysogens were suggesting that the 1H4 epilope \k as adjacent to the 211
found that encoded the synthesis of' bc-dependent fusion epitope. N\t ito the IpaIR-specitic NiAbsI rcikted wsith the
polypeptides (i.e.. -- 116 kI~a) or for-indepenrdent non-fusion truncated I 28-kioa lpal3 product of Y 1090::Agt 11HC 17-Tb].
polypeptides (i.e.. IpaH products of -:57 kDa or IpaC demonstrating that epitope 4('S \\ as, adjacentt to the I H4
products of -_43 kDa). The non-fusion polypeptides wiere c
independent of I PTG induction, suggesting that the insert eioeadnaett h abx emnso h pl
DNA sequences provided the necessary transcriptional and polvpeptidle. The translational start site for the iprol gene
translational start signals for the synthesis of the recombi- ws as, deduced b\ this atnal\ sis to he located bet\isceit coordi
nant product. Strain Y1090::Xgtlll-C17-SbI synthesi/ed it nates 2.9 and 3.1 (Fig. 2L. -since these sites deltine thie ends oft
1wc-independent, truncated(-] 14 M~at IpaB product that recombinants Xgtl11 Ut17-[b]l and Xrgt I Sf1-S [2. wihich ent-
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 and e% sentual escape of' the bacterium1 from the phagoc% tic
aCuIole. [ or shigeflla the escape process appears it) he-mediated b\ the bacterium (29). [he multistep Process Of'

92 k~ainsasitn most like]\5 ins olc, es es en bacterial products it
situaion s astl\ dill'erent hrm thle one gene required fo)r the

6 a-t-01 ins asis e phenls pe cof' ) psuclouu)bcii uidmis (12). to kdate.
46 kDa -l* 4 the minimum set of* gene,, required f'or the ins, asis e pheno-

Ir pe in Xtiveiia spp. has, not been identified. (;eties onl the
30 ~a ~120-1to 140-NI ta plasmnid ss ithin at 37-kb region are necessars

30 f~Ior ins asion. ss ith teipo gene,, being the most promising
Candidates. btit it has not ,-1been possible ito isolate the i,,o
genes bM a combination of m-utation and coillplemvioauilon to

14 kDa -1 prove their i-ole in ins aston.
The md1ix dua) ijwl)and ipu( gene products has e not been

studied in great detail large)\ because of' their e streme
sens itis it% to proteolssis 1E. V. Oaks. unpublished obset va-

IG.( 1. mmii n.110ot a nuksi s of Y ltt9t::xg1ttjw tipin ipi I\- tions t and r-elative losm quantities in the organism 18). Jo
sogens probed \O ih 1A-labeled Ipali- or tpaC-specific NIh .- bs acilitate the biochemical and f'unctional anal\ sex of the I paB
(LIane s t) (-labheled molecula 1.1xxIk e ight imarke rs iAmerIsh11a Corp. . and lpaC pol\ peptidecs. %s e have produced and used NI Abs to
(Lanes '2 through 14) [5sogertln ae in the tfolloxx ing order laine isolate the lpaB and IpaC polspeptides f'or stud\. Previ-

nurnbero Sbl 2-'. 1hr7 St1. Tbt 14). S43 ( . lipr-4 IN. St1 17). S-t IS ousl\ insestigations has e indicated that Ipat3 and IpaC are
anrd 91. WXl (1lt. S4, (11). Dl~c I121. \k12 t13). and Sc4 (14). thei associated \k ith the cell envelope (91 and are most likely
recombhinant produLcts xx crc detected \kioh lanes 2 throuch 81 lpaH1- present on the surf'ace of' shigellace. -Fie abilit\ to extract
specihc MIb 21-t. lanes, 9 through 131 IpaC'-specitic NIAb ill. or these poispeptides ssith mild procedures such ats waiter

I lnest4 paCspeili M~ 2(2. .' soensS47onktortheIpai etract ion 1231. and the react isit of vJiuent-specific polv-
productil and Sc!l rcquired IN-G ICfor induict ion of ekpiesion. -v alent rabbit sera (reactis e xx ith both IpaB and IpaCf sxith

w~hole organisms in an E-ISA (25: 1. Pal, personal commu-

code a trutncated pkfvpeptide and let(-fusion polv peptide of' nication). lend suLppor-t to at su-rfaIce exposure model. In this
the IpaB antigen. resrpectixelv. studr the reactivity of all the lpaI3- and IpaU-specific MAbs

NgtI 11ipiiU recombinants, ve rc used in at similar anal\ssis of' w\ith \\ hole orgamnisrns in ain 1-LISA has demonstrated clearly
the proteins s~ nthcsized by their corresponding l~sogens. that both IpaB and IpaC te ex\posed on the surface of'
Recombhinants xgtl lSfl-S47. W8L S45. and W1'2 %%ere alike virulent shigellae. In addition. the three IpaB and four IpaC
in that each contained insert DNA extending into portions oft' surf'ace epitopes have been shosvn to be highl% conserved
both the ipoll and ipo( genes I Fit,. 21. Howkever, the among Shlt'a serotvpes and Et LU (Table 1). Uross-reac-
phenot\ pie expression of' these recombinant molecules, %k lt, ive epitopes we re not fttlnd on other enteric organisms.
nlot similar. Recombinant S47 expressed a /iii-dependertt including inv.asiv.e organisms, Such as Satlonella. lcrxioio.1
f~usion peptide carry" ing the three IpaB epitopcs ( Fl I1-1H4. and (onpv/hwtwr spp. T]his supports earlier studies that
4CK) and at let-independent. 24-kDa truncated product of the shox~ed the uniqueness .of Ithe ipo genes to v irulent Sltigello
ipt( gene harboring the %B1. SH 1. 9136 epitope cluster. In and El EU strains, using ipo gene probes (16). and also
contrast, clones, W81. S45. and W12 did not carry the insert indicates that the MAbs Could be used ats diagnostic probes
DNA in the correct fi-rme in relation to the jlet promoter Of' to specifically identif'x virulent .Nhi gvl/u and EUE isolates.
Xgt 11 to s\ nthesize fusion IpaB products,, but thex did The conserv ation oft epitopes in at surf'dce structure wvhich is
ss nthesize v arious trutncated I paU products in the absence of' vecry likel% exposed to mank environmental stresses suggests
IP"TG(. suggesting a unique set of' transcriptional and trans- that these polypeptides are essential to the virulent pheno-
atiotial initiators f'or IpaU that (uLnction independently of the type and that mutations or alterations in these structures,
I pa B initiators. The cluster of' three I paU epitopes (5131. May result in virulence attenuation.
SHLI 9136) sx as found to be amino proximal on the IpaU T he ability of' one IpaB MfAb (210t reduce plaque
antigen since Y'109(t::Agtl I recombinants 547. W8I and S4; Formation lends additional support to the notion that the
gas e proportionally smaller truncated peptides than recoin- IpaB potypeptide may be a ictively involved in the invasion
binants W12 and Dcl. sshich also encoded the 2G2 epitope process. The exact step (i.e.. attachment. endocytosis. es-
( F ig. '. Y10f9f)::Agt 1] recombinants Sc4 and S17 produced cape f'rom the phagosome. replication ss ithin cells) svhich is,
f'usion protein,, lacking the amino-terminal cluster of' three being blocked by the MAb Could not be determined by the
epitopes but earrn ing the 2W; epitope (Sc4) or an addititonal plaque reduction assay. Other assays. Such as light micros,-
epitotisti recognized onl\ b% rabbit atisera and not by the copy examlination of' host cell inv as'ion by antibody-treated
NiAbs (S171. shigellac. kkhich might be used to pinpoint the step oft

inhibition, do not hav\e the sensitivit\ of the plaquie assay , in
D)ISCUSSION that the\ require very heas v burdens, (1 0' of shigellae and

mlechanical assistance (centrifugal ion)t to achieve at moderate
T[he interaction betxs cn f'acultti sc and obligate nt racel - inf'ection I 6). Stich high ntimbers, of otganisms swould be very

lular bacterial pathogens and host cells is at comple\ ev.ent difficult to block wNith antibodies. The inability of' other
that( is acconplished by man% diff~erent strategies I reviess ed IpaB-specific M.-bs ito inhibit plaque Formation tat at level
in reference 22) . .Shti,'iloa and Me 4/,tuxia -,pp. aie among the comparable ito 2H)1 indicates that other regions, of' the IpaB
onl% bacteria sx hich replicate freels in the cytoplasmn of host poly peptide are not as, crticial to ins asion as the 21-F1 epitope
cells (221. To reach the cytoplasm, at bacterial surface-host r-egion. None of the 1ptiU-spccific MAbs tested in the plaque
Cell surf'ace interaction must take place w.hich enables ia- redttction assay wais inhibitor) . although one IpaC MAb
tachmentil to occur, f'Ollos.k ed by an -induced phagocyt(osis (262) actuall\ enhanced the plaque-f'orming capaicitv of' S.
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hfl.xneri by 50%. U'ing polyclonal sera, earlier studie. by small regions of the corrmspording gene%. in lieu of DNA
Hale and Bonventre also demonstrated an enhancing effect sequence or synthetic peptidc in',,rmaion.
of antibodies (6). Enhancement may occur due to an altered The surface location of the amin:-terminal IpaB and IpaC
confornilation of the ipa ' protein that, either directly or epitopes suggests that at least thesc regions olf the IpaB and
indirectl., allows the invasion process to occur in a more IpaC polypeptides are hydrophilic and possibly very immu-
efficient manner. For either enhancement or inhibition, it nogenic. Previous studies by Oaks ,:i al. 123) have demon-
appears that the invasive process can b : altered by antibody strated that the dominant antibody reporse in human and

against certain epitopes of the IpaB and IpaC polypeptides. monkey convalescent sera is agains' lrsiI3 and IpaC. and it
Recent advances in the Xgtll cloning system (38) have appears like!y from the work of Dinari 1.t :d. (5) that intcstinal

permitted the cloning and expression of small DNA seg- secretions may also contain antibodies against IpaB and

ments representing portions of a protein as small as a single IpaC. The effect these antibodies have in vivo is still open to

epitope (35). By using this approach to clone the DNA speculation, but it is possible that antibodies against IpaB

segments encoding epitopes. an epitope map wvas con- and ipaC may inhibit invasion or at least opsonize virulent

structed of IpaB and IpaC. representing the structural genes, shigellac in preparation for destruction by complement or

the translational orientation, and the approximate location of professional phagocytes. Further studies on defining the

each of the seven unique epitopes. The three lpaB epitopes functional roles of these epitopes more precisely should

(2F1, 1H4. and 4C8) were all expressed on a 28-kDa peptide advance our understanding of the invasive process as per-

(expressed by \gtllHC-Tbl). An intermediate-sized peptide formed by S. flexueri and the subsequent host immune

of' 21 kDa (expre;sed by XgtllHC17-Hr7) contained two response against this pathogen.

epitopes (2F1 and 1H4), and a smaller peptide less than 14
kDa (svnthesized by XgtllHC17-Sbl) expressed only the ACKNOWLEDGMENTS
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